
Rapid Detection of Ustilaginoidea virens from Rice using Loop-Mediated
Isothermal Amplification Assay

Xue Yang, Mohamed N. Al-Attala, Yong Zhang, Ai-Fang Zhang, Hao-Yu Zang, Chun-Yan Gu, Tong-Chun Gao, and Yu Chen,† In-
stitute of Plant Protection and Agro-products Safety, Anhui Academy of Agricultural Sciences, Hefei 230031, China; Scientific Observing and
Experimental Station of Crop Pests in Hefei, Ministry of Agriculture, China; and Laboratory of Quality & Safety Risk Assessment for Agro-
Products, Hefei, Ministry of Agriculture, China; and Key Laboratory of Anhui Agricultural Sciences;MohamedN. Al-Attala, Plant Pathology
Unit, Plant Protection Department, Desert Research Center, Cairo 11753, Egypt; Farman Ali, Institute of Plant Protection and Agro-products
Safety, Anhui Academy of Agricultural Sciences; and Department of Agriculture, Abdul Wali Khan University Mardan, Pakistan; Yun-Fei
Li and Jian Yao, Anhui Entry-Exit Inspection and Quarantine Bureau, Hefei 230022, China; and Jin-Guo Zhu, Hunan Entry-Exit Inspection
and Quarantine Bureau, Changsha 410004, China

Abstract

Ustilaginoidea virens is an important fungus that causes rice false smut
disease. This disease significantly reduces both grain yield and quality.
Various methods have been developed for the detection of U. virens
but most of these methods need sophisticated equipment such as a ther-
mal cycler. Here, we present a loop-mediated isothermal amplification
(LAMP) assay for the specific detection of U. virens. This assay used a
specific region of the UvG-b1 gene (212-bp region) to design six LAMP
primers. The LAMP assay was optimized by the combination of rapidity,
simplicity, and high sensitivity for the detection of about 1 pg of target
genomic DNA in the reaction whereas, with polymerase chain reaction

(PCR), there was no amplification of DNA with concentrations less than
1 ng. Among the genomic DNA of 22 fungus species and two strains of
U. virens, only the tube containing the DNA of U. virens changed to yel-
lowish green with SYBR Green I. The color change was indicative of
DNA amplification. No DNAwas amplified from either the other 22 fun-
gus species or the negative control. Moreover, 20 spikelets and 22 rice
seed samples were used for the detection of rice false smut via LAMP.
The results were comparable with conventional PCR. We conclude that
gene UvG-b1 coupled with LAMP assay, can be used for the detection
and identification of U. virens gene via LAMP.

Rice is one of the most-consumed foods in the world and a princi-
pal source of nutrition for the world’s population, especially in Asia
(Laborte et al. 2012; Young 1999). Rice production occupies the
third-highest position in worldwide production in the agricultural
commodity list, after sugarcane and maize (FAO 2015). In China,
the total production of rice is more than 20 million tons.
Rice is infected by several different pathogens such as Cochliobo-

lus miyabeanus, Sclerophthora macrospora, Tilletia barclayana,
and Ustilaginoidea virens (Ono and Uehara 1949). All of these path-
ogens cause diseases that diminish both quality and yield of rice. One
of the serious diseases is rice false smut, also known as pseudosmut
or green smut, caused by U. virens (Ono and Uehara 1949).

U. virens is an ascomycete, which can produce both anamorph
(chlamydospores) and sexual (ascospores) spores in its life cycle,
with multiple propagates. The teleomorph stage of false smut fungus
is named Villosiclava virens. Both sexual and anamorph spores can
infect the rice spikelet and convert a rice grain into a ball of mycelia
(Fan et al. 2016; Song et al. 2016). The symptoms of rice false smut
disease appear on the panicle of spikelets (Ashizawa et al. 2012; Hu
et al. 2014). The fungus produces ustiloxin, mycotoxin, and phyto-
toxin. Ustiloxin is a kind of cyclopeptide mycotoxins and is toxic
to humans and animals (Koiso et al.1994, Li et al. 1995; Ludueña
et al. 1994). Many studies have reported the infection mechanism
of U. virens in rice during different stages (Fan et al. 2016; Tanaka
et al. 2017; Tang et al. 2013). Several plant families could be colo-
nized byU. virenswithout showing any visible symptoms under high
humidity and free water conditions (Fan et al. 2014). Moreover, they
reported that U. virens has epiphytic characteristics. In Egypt, 1.0 to
10.9% loss occurs in rice production due to rice false smut disease
(Atia 2004). With population growth and reduction in farmland, in-
tensive farming systems are used to meet the growing demand for
food (Tilman et al. 2002). However, by using intensive farming
systems, an increase in spread and severity of plant diseases is being
noticed. This points out the need to develop easy assays for the de-
tection and identification of plant pathogens.
Advanced molecular techniques such as polymerase chain reac-

tion (PCR), nested-PCR, and real-time PCR can give reliable and
specific results for solving this problem. Although these techniques
efficiently give accurate results, it is hard to use them in every labo-
ratory with limited resources, especially in developing countries,
where they do not have access to more sophisticated equipment such
as thermal cyclers. However, loop-mediated isothermal amplification
(LAMP) just needs a constant temperature. In addition, problems
arise with the efficiency of Taq DNA polymerase that affect the
amplification of the target DNA such as the boold, feces, and meat
(Al-Soud and Rådström 2000; Monteiro et al. 1997).
Hence, Notomi et al. (2000) developed a new technique for the am-

plification of DNA called LAMP. For rapid identification of different
diseases in human, animals, and plants, LAMP is preferred for conve-
nient and easier amplification of target DNA. Therefore, in comparison
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with other molecular methods, LAMP could be a potential alternative
for detecting U. virens, especially in field settings. Previous studies
have reported the use of LAMP assays for the detection and identifica-
tion of many different plant pathogens such as Phytophthora sojae,
Fusarium graminearum, Sclerotinia sclerotiorum,Meloidogyne enter-
olobii, Botrytis cinerea, and P. ramorum (Dai et al. 2012; Duan et al.
2014a; Niessen and Vogel 2010; Niu et al. 2012; Tomlinson et al.

2007, 2010). LAMP assays have also been used for detecting resistance
mutation in the populations of F. graminearum (Duan et al. 2014b).
For precise detection and identification of different organisms, the

specific gene or part of a gene such as the A3aPro element, FggaoA
gene, Ssos5 gene, intergenic spacer (ITS), 5S ribosomal DNA (5S
rDNA), or ITS2 segment is chosen for the detection and identifica-
tion of P. sojae, F. graminearum, S. sclerotiorum, M. enterolobii,
B. cinerea, and P. ramorum, respectively (Dai et al. 2012; Duan
et al. 2014a; Niessen and Vogel 2010; Niu et al. 2012; Tomlinson
et al. 2007, 2010). Some of the previous works reported the detection
of U. virens through PCR and real-time PCR based on the rDNA in-
ternal transcribed spacers and the 5.8S rDNA gene (Ashizawa et al.
2010; Zhou et al. 2003). The first isolation and characterization of gene
UvG-b1 was reported by Liu et al. (2010), and is identified under the
trimeric G proteins (GTP binding proteins). GTP binding proteins play
a pivotal role in signal transduction pathways. G proteins are hetero-
trimers consisting ofa,b, andg subunits. They are involved in growth,
sporulation,mating and virulence in filamentous fungi (Charoensopharat
et al. 2008; Hsueh et al. 2007; Nishimura et al. 2003; Tzima et al. 2012;
Wang et al. 2000; Yu et al. 2008).UvG-b1 is also thought to be involved
in the pathogenicity of U. virens (Liu et al. 2010).
This is the first report on a LAMP assay for the detection and identi-

fication of rice false smut fungal disease, which provides more sensitive
and reliable detection than traditional assessment methods. Moreover, a
LAMP assay will help us by providing easier identification ofU. virens,
and is more cost effective for detecting the disease in the field.

Materials and Methods
Fungal isolates. The fungal isolates used in this study were from

rice fungal pathogens, phylogenetically related fungal pathogens
(Zhang et al. 2014), or other common fungal pathogens (Table 1).
The infected rice samples showing typical false smut symptoms were
collected from fields in Anhui Province of China. Other fungal iso-
lates were obtained from the culture held at the Anhui Academy of
Agricultural Sciences. For pure culture isolation of U. virens, the
method described by Chen et al. (2014) was used. Briefly, the false
smut balls were surface sterilized in 0.1% NaClO for 5 min, followed
by washing in distilled water for 30 s After rinsing, half of the false

Table 1. List of fungal species used for testing the specificity in the loop-
mediated isothermal amplification (LAMP) and polymerase chain reaction
(PCR) assays

Species Host Sourcea LAMP PCR

Ustilaginoidea virens (strain1) Rice AAAS 1 1

U. virens (strain2) Rice AAAS 1 1

Alternaria alternata Pear AAAS − −

Ascochyta eriobotryae Loquat AAAS − −

Bipolaris sorokiniana Wheat AAAS − −

Botryosphaeria dothidea Pear AAAS − −

Coniella granati Pomegranate AAAS − −

Coniothyrium diplodiella Grape AAAS − −

Diplodia sp. Dragon fruit AAAS − −

Fusarium fujikuroi Rice AAAS − −

F. oxysporum f. sp. melonis Strawberry AAAS − −

Gaeumannomyces graminis Wheat AAAS − −

Glomerella acutata Nectarine AAAS − −

Monilinia fructicola Peach AAAS − −

Nigrospora sphaerica Kiwi fruit AAAS − −

Pestalotiopsis theae Loquat AAAS − −

Punicae granati Pomegranate AAAS − −

Pyricularia grisea Rice AAAS − −

Sclerotinia sclerotiorum Pear AAAS − −

Metarhizium anisopliae Insect AAAS − −

Claviceps purpurea Wheat AAAS − −

Rhizoctonia solani Rice AAAS − −

Tilletia horrida Rice AAAS − −

F. graminearum Wheat AAAS − −

a AAAS = Anhui Academy of Agricultural Sciences.

Fig. 1. Design of loop-mediated isothermal amplification (LAMP) primers for the detection of specific regions in gene UvG-b1 (GU014921.1) in Ustilaginoidea virens genome. A,
Schematic illustration of the LAMP primers used in this study. F1c and B1c are complementary to F1 and B1, respectively. B, Arrows show sequences of the LAMP primers.
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smut balls were transferred to petri dishes containing potato dextrose
agar (PDA) and incubated at 28°C for 1 week. For pure culture, a sin-
gle germinated chlamydospore was transferred to new PDA plates and
stored at 4°C for 3 to 4 weeks. Other pathogens were used for studying
the specificity of LAMP primers (Table 1). These pathogens were cul-
tured on PDA at 25°C for 2 weeks before use and stored at 4°C. All of
the isolates were identified according to their morphological features.
Extraction of DNA. Genomic DNA of U. virens and other path-

ogens was extracted using the Fungal DNAMini Kit (Omega Biotek)
according to the manufacturer’s protocol. The DNA concentration
for each sample was determined by Nanodrop (NanoVue Plus; GE
Healthcare Life Sciences).
Primer designing. The National Center for Biotechnology In-

formation (NCBI) (https://www.ncbi.nlm.nih.gov) database was
searched via BLAST for various U. virens genes. The selected genes
were blasted again to select the most specific sequence for the iden-
tification of this particular pathogen. A specific region on gene UvG-
b1 was selected after the second BLAST result (https://blast.ncbi.
nlm.nih.gov/Blast.cgi). The specific site, showing no similarity to
genes from any other pathogen until October 2016, was located from
1,546 to 1,758 bp on gene UvG-b1 (Fig. 1A and B). The LAMP pri-
mers were designed based on a specific region in U. virens; that is,
the GTP binding protein b subunit (UvG-b1) gene (GU014921), us-
ing the Primer explorer V4 software program (http://primerexplorer.
jp/e/) (Eiken Chemical Co., Ltd.). To start the LAMP reaction, the
software gave out a LAMPprimer set comprising a forward inner primer
(FIP; consisting of F1c and F2), backward inner primer (BIP; consisting
of B1c and B2), and F3 and B3 primers. Moreover, loop forward (LF)
and loop backward (LB) primers were designed for increasing the effi-
ciency of the LAMP reaction. The position and sequence of the LAMP
primers used in this study is shown in Figure 1. These primers were syn-
thesized by Invitrogen Trading Shanghai Co., Ltd. (Table 2).
LAMP reaction. For the optimization of reagents, the LAMP re-

action was prepared by mixing 2.5 ml of 10× isothermal amplifica-
tion buffer (New England BioLabs), 112.5 mM MgCl2 (Sangon),
35 mM dNTP Mix (Sangon), 40 mM each FIP and BIP primer,
5 mM each F3 and B3 primer, 1 mM each LF and LB primer, 2 ml
of DNA, 0.8 to 1.6 M betaine (Sigma-Aldrich), 100 to 200 mM
hydroxynaphthol blue (HNB), and 8 U of Bst 2.0 WarmStart DNA
polymerase (New England BioLabs). In addition, double-distilled
(dd)H2O was added to make up the final volume to 25 ml. When
replacing HNB with SYBR Green I, it was not added to the reaction
mixture but 0.25ml was added to each tube after amplification. Reaction
tubes were placed in a thermal cycler (Bio-Rad) and incubated at 65°C
for 1 h. The amplification was ended by heating at 80°C for 10 min.
LAMP reactions were examined based on the change in color of

HNB, SYBR Green I, and gel electrophoresis (2% agarose gel for
50 min at 80 V). Each treatment was replicated three times, and
the experiment was repeated twice. The LAMP tubes were photo-
graphed with a Panasonic digital camera (model DMC-FZ28GK).
Assay of sensitivity and specificity in LAMP and PCRmethods.

To compare the sensitivity of PCR and LAMP, different concentra-
tions of genomic DNA of U. virens (10 to 10−8 mg/ml) were used.
For PCR, F3 and B3 primers were used to amplify the same specific
region of gene UvG-b1. PCR conditions included initial denaturation
at 95°C for 3 min; followed by 35 cycles of 95°C for 30 s, 60°C for 30
s, and 72°C for 30 s; and a final extension at 72°C for 10 min. The total
volume of PCR was 25 ml, which contained 9.5 ml of ddH2O, 1 ml of
genomic DNA of U. virens, 10 mM each primer (F3 and B3), and
12.5 ml of 2× Taq Master (novoprotein). After the amplification, the

PCR products were examined by running them on 1.0% agarose gel
for 30min at 120 V.DNA ladder DL2000was used for size references.
To study the specificity of LAMP and PCR, 22 different fungi were
used in the study in addition to two strains of U. virens (Table 1).
The assays were evaluated based on change in the color of HNB
and SYBRGreen I in amplification tubes for LAMP and on 1.0% aga-
rose gel electrophoresis for PCR. There were three replicates for each
treatment and the experiment was repeated twice.
Detection of rice false smut pathogen in the field samples and

rice seed. The 20 grains per sampled spikelet (healthy or infected) at
rice booting stage were randomly collected and used for the detec-
tion. The DNA of the grains was isolated by using the Plant DNA
Mini Kit (Omega Biotek) according to the manufacturer’s protocol.
The DNA concentration for each sample was determined by Nano-
drop (NanoVue Plus; GE Healthcare Life Sciences). The extracted
DNA was used for LAMP detection as described above and conven-
tional PCR detection as described by a previous study (Chen et al. 2014).
For direct analysis of rice seed, 22 samples of healthy and infected

seed were collected from the field in Anhui Province and stored for
30 days at room temperature. Then, 10 g of seed from each sample
was put in a 50-ml tube and sterile pure water was added up to
50 ml. The rice samples were drenched for 5 min. Next, the saturated
seed were centrifuged at 12,000 rpm for 10 min. After centrifuging,
10ml was taken from each sample and used as the DNA templates for
LAMP and PCR assays (Chen et al. 2014). For the LAMP assay, the
amplification tubes were analyzed using SYBRGreen I, and the PCR
products were analyzed on 1.0% agarose gel electrophoresis. The
experiment was repeated twice.

Results
Designing of LAMP primers and assay. Six LAMP primers for

gene UvG-b1 were obtained using the Primer explorer V4 software

Table 2. Sequences of the primers used for amplification of the target sequence in gene UvG-b1

Primer name Primer type Sequence 59→39

F3 Forward outer GCTCCTGGGATTCTTTGGTG
B3 Backward outer GCTCGATCGGGACAACCA
FIP (F1c-F2) Forward inner TTGTCGCGTTGCAAGGACACGGGCATTCGACTCGGAACAG
BIP (B1c-B2) Backward inner TTCACTGACATGTGCGCTGACCCGGTTTCGTGGAACGGATT
LoopF Forward loop CGATTACCGTGCGTGTTGGA
LoopB Backward loop TCCGCAGTTGAAAATATGG

Fig. 2. Amplification of specific region in the UvG-b1 gene of Ustilaginoidea virens
using forward outer and backward outer primers. Lanes 1 and 2 = U. virens DNA,
lane N = negative control (no DNA), and lane M = DL 2,000-bp DNA size marker.

Plant Disease /September 2018 1743

https://www.ncbi.nlm.nih.gov
https://blast.ncbi.nlm.nih.gov/Blast.cgi
https://blast.ncbi.nlm.nih.gov/Blast.cgi
http://primerexplorer.jp/e/
http://primerexplorer.jp/e/


program. Using forward and backward primers, the conventional
PCR yielded high amounts of DNA on 1.0% agarose gel electropho-
resis, with the fragment size of 212 bp (Fig. 2). Colors of sky blue
with HNB for LAMP and yellowish green with SYBR Green I were
indicative of a positive reaction in comparison with the negative con-
trol (Fig. 3A and B). After the visual assessment, the reaction tubes
were examined by gel electrophoresis, which showed a ladder-like

pattern on the gel with the tubes with U. virens DNA only (Fig. 3C).
The results confirmed that LAMP could be used for the detection and
identification of rice false smut disease (Fig. 3).
Sensitivity of the LAMP and PCR assays. Sensitivity of the

LAMP assay was examined using different concentrations of U. vir-
ens’s genomic DNA. After ninefold serial dilution (10 to 10−8mg/ml)
of DNA, amplification was observed with all concentrations from 10

Fig. 3. Detection of Ustilaginoidea virens DNA using a loop-mediated isothermal amplification (LAMP) assay. A, Visualization by SYBR Green I in amplification tubes (tubes 1 and
2), The lighter shade indicates a positive reaction, which can be easily distinguished from the darker shade that indicates no reaction in the negative control under normal light (tube
3). The same positive sample, when visualized under UV transillumination, shows a shining fluorescence in tubes 1 and 2 (positive reaction). B, Visualization by hydroxynaphthol
blue in amplification tubes indicating DNA amplification of U. virens (tubes 1 and 2); and C, 2% agarose gel showing products from the LAMP reaction. Lanes 1 and 2 show a ladder-
like pattern indicating positive reactions, lane N = negative control (no DNA), and lane M = DL 2,000-bp DNA size marker.
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to 10−7 mg/ml, except the lower concentration, whereas the negative
control showed no amplification under the same conditions (Fig.
4A). On the other hand, with conventional PCR, no DNAwas ampli-
fied with concentrations less than 1 ng (Fig. 4B). These results showed
that the LAMP method was more efficient than PCR.
Specificity of the LAMP assay and detection of rice false

smut pathogen in field samples and rice seed. Amplification of
the DNA ofU. virens but not of the 22 fungal pathogens confirmed
the specificity of the primer sets for U. virens. After 1 h of reaction
time at 65°C, the color of SYBR Green I in the tubes containing U.
virens’s genomic DNA changed to yellowish green, compared
with orange in the negative control (Fig. 5A and 5B), while fungal
tubes and the negative control did not change color. This was indic-
ative of the LAMP assay being capable of detecting and identifying
U. virens. The same result was observed using PCR. Amplification
reaction occurred in the tubes containing U. virens DNA as com-
pared with no reaction in the negative control and other fungi
(Fig. 5C and 5D). For direct analysis in the detection of U. virens
in the field samples and rice seed, LAMP and PCR assays were
used for the detection ofU. virens in spikelets and seed. The results
showed that the LAMP assay succeeded in detecting the infected
rice spikelets (Fig. 6A) and seed (Fig. 6B) among healthy seed.
Also, the same results were confirmed by PCR assay (Fig. 6C
and 6D). These results indicated that specific regions in the
UvG-b1 gene of U. virens (GU014921) could be used for the de-
tection and identification of U. virens (Figs. 5 and 6) and the
LAMP assay can be used for the detection of U. virens in the field
samples and rice seed.

Discussion
The ability to survey and better manage plant diseases in the field

requires effective, rapid, and reliable methods for detecting different
pathogens. This technical demand has necessitated the development

Fig. 4. Sensitivity of the loop-mediated isothermal amplification (LAMP) and
polymerase chain reaction (PCR) test for the detection of Ustilaginoidea virens. A,
LAMP assay and B, PCR assay. Lane M indicates DL 2,000-bp DNA size marker;
lanes 1 to 9 = template DNA concentrations (10 mg, 1 mg, 100 ng, 10 ng, 1 ng,
100 pg, 10 pg, 1 pg, and 100 fg, respectively); and lane N = negative control (no DNA).

Fig. 5. Specific detection of gene UvG-b1 using loop-mediated isothermal amplification (LAMP) and polymerase chain reaction (PCR). A and B, LAMP assay visualization by
SYBR Green I in amplification tubes and C and D, PCR assay. Tubes and lanes 1 and 2 = Ustilaginoidea virens; tubes and lanes 3 to 19 = other tested fungi: Alternaria
alternata, Ascochyta eriobotryae, Bipolaris sorokiniana, Botryosphaeria dothidea, Coniella granati, Coniothyrium diplodiella, Diplodia sp., Fusarium fujikuroi, F. oxysporum
f. sp. melonis, Gaeumannomyces graminis, Glomerella acutata, Monilinia fructicola, Nigrospora sphaerica, Pestalotiopsis theae, Punicae granati, Pyricularia grisea,
and Sclerotinia sclerotiorum, respectively); tubes and lanes 20 and 21 are U. virens; tubes and lanes 22 to 26 = Metarhizium anisopliae, Claviceps purpurea, Rhizoctonia
solani, Tilletia horrida, and F. graminearum, respectively. Lane N = negative control (no DNA) and lane M = DL 2,000-bp DNA size marker.
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of newmethods for the detection and identification of pathogens. The
new methods must (i) be cheaper, to be easily used in the laboratory
and field in developing countries; (ii) be equally used in the labora-
tory and field; (iii) be highly sensitive and specific; and (iv) avoid the
use of sophisticated equipment. Most of the existing methods that de-
tect and identify pathogens lack all or some of these requirements.
They are costly and time consuming, and require post-PCR analysis
such as gel electrophoresis and quantitative PCR software. LAMP is
an alternative approach that addresses all of these issues and can be
successfully used for the detection of plant-pathogenic bacteria,
fungi, and viruses (Almasi et al. 2013; Dai et al. 2012; Denschlag
et al. 2012; Tomlinson et al. 2007, 2010; Parida et al. 2005; Vaagt
et al. 2013), as well as human and animal pathogens (Iwamoto et al.
2003; Li et al. 2014; Saetiew et al. 2011; Yang et al. 2014).
In this study, two pairs of primers (FIP-BIP and F3-B3) were used

for targeting a specific region in geneUvG-b1 for detection and iden-
tification of the rice false smut fungus. In addition, two loop primers
(LF and LB) were used for enhancing efficiency of the reaction
(Notomi et al. 2000; Zhao et al. 2015). The specific region in gene
UvG-b1was 212 bp (Figs. 1 and 2), which after BLAST in the NCBI
website showed no homology.
Many different factors affect the LAMP assay for successful am-

plification such as DNA quality, optimum amplification temperature,
time to complete the amplification reaction (Zhao et al. 2015), and
concentration of theMg2+ ion (Goto et al. 2009). Previously, we have
tested several reaction systems of the LAMP assay for the detection
of U. virens and, finally, we found that the optimum temperature for
successful amplification of DNA is 65°C for 60 min. Presently, many
different dyes are used for the detection and the successful amplifica-
tion of DNA such as magnesium pyrophosphate-based, HNB, SYBR
Green I, magnesium pyrophosphatem, ethidium bromide, and ene-
finder. In this study, the LAMP reaction tube was examined via
HNB and SYBRGreen I (Fig. 3A and B). Both dyes detected the dif-
ference between the positive and negative reactions, visible through
naked eye. This is the simplest method that visually differentiates be-
tween positive and negative reactions and does not demand for any
special equipment. It should be noted that opening the LAMP reac-
tion tubes after the reaction is completed represents a high risk of
contamination due to the high volume of LAMP product generated.
This study reports the detection sensitivity limit of LAMP primers.

Amplification of about 1 pg of U. virens target DNA in comparison
with 1 ng through conventional PCR proves the high sensitivity of
LAMP primers. Previous studies have also reported LAMP to be

more sensitive than conventional PCR for DNA amplification (Goto
et al. 2009; Mori et al. 2004; Niessen and Vogel 2010; Yang et al.
2014; Zhao et al. 2015).
Also, we studied the specification of LAMP primers for detection

of rice false smut fungus between different fungus species. The re-
sults showed that LAMP primers can detectU. virens among differ-
ent species (Fig. 5). The assay specifically amplified only gene
UvG-b1; no cross-reactivity was seen with other fungi. This result
was consistent with PCR and BLAST results in NCBI.
In conclusion, it can be inferred that the LAMP assay is useful for

the rapid detection ofU. virens in the field and laboratory. This study
showed that the LAMP assay succeeded in detecting rice spikelets
(Fig. 6A) and seed (Fig. 6B) infected by U. virens in the field. The
LAMP technique excludes the need for sophisticated equipment
such as a PCR machine or gel electrophoresis or gel-imaging sys-
tems for the detection of U. virens in the laboratory or field. This
LAMP method is quite sensitive for detection of U. virens in rice
spikelets at booting stage and seed, and could be a useful tool for
pathologists in designing integrated control programs for rice false
smut disease.
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